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Abstract 
      The growing demand for air conditioning has caused a significant increase in demand for energy resources. The 
traditional commercial, non natural working fluids, like CFC, HCFC and HFC result in both ozone depletion and 
global warming emission of CO2. The use of hygroscopic salts in direct contact with moist air provides an attractive 
alternative to conventional cooling systems. The liquid desiccant can substitute the dangerous fluids. The main 
operations in Liquid Desiccant Cooling System (LDCS) are dehumidification and regeneration. This paper presents 
an experimental study of dehumidification/regeneration processes using LiBr as liquid desiccant in direct contact 
with the air at different operating conditions. An analysis of the mass transfer is made in order to prove is this 
material is the best liquid desiccant for LDCS. Experimental results showed the effect of air conditions on mass 
transfer. It can be seen that LiBr is able to absorb moisture and can be regenerated at low temperature. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Elhadi M. Shakshuki. 
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1. Introduction  
Increasing occupant comfort demands are leading to growing requirement for air conditioning in recent years. 
This system has caused a significant increase in demand for primary energy resources.  
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Nomenclature 
A desiccant surface (m²)  
Cs  solution concentration 
dm  rate of water vapor removed 
mv  mass flux of vapor absorbed (kg/s) 
Msol  mass of solution (kg) 
Ms  mass of salt  
Mw  mass of water 
P  vapor pressure (Pa) 
ȕ mass transfer coefficient (kg/s.Pa.m²) 
The traditional refrigeration cycles are driven by electricity or heat, which strongly increases the consumption of 
electricity and fossil energy. Furthermore, the traditional commercial, non natural working fluids, like CFC, HCFC 
and HFC result in both ozone depletion and global warming emission of CO2. ˝Liquid desiccant cooling systems˝ 
(LDCS) is one of the environmentally-friendly techniques which may help alleviate the problem by using solar 
energy and natural working fluids such as liquid or solid desiccants. The liquid desiccant enhances the indoor air 
quality, reduces energy consumption, and produces an environmentally safe product. The use of hygroscopic salts in 
direct contact with moist air provides an attractive alternative to conventional cooling systems using ozone-depleting 
CFCs. The solid or liquid desiccants can be used in order to substitute the dangerous fluids. The main components of 
an open liquid desiccant air-conditioning system are the absorber (dehumidifier) and the desorber (regenerator) 
which are based on heat and mass transfer between the air and desiccant. Fig. 1 shows the components in a liquid 
desiccant system. Liquid desiccants have the ability to absorb moisture from air and then this absorbed moisture can 
be removed from liquid desiccant by using low grade energy. To guarantee a continuous operating in this system the 
desiccant material, which is permanently charged with water molecules, has to be regenerated constantly. 
Fig. 1. Components in (LDCS), [Benjamin, 01]
Several works were done to study the hygroscopic salts, to analyze the physical properties of liquid desiccant and 
the effect of air parameter on mass transfer. Chraibi [2] investigated the dehumidification process between air and 
liquid desiccant on a trickle exchanger. It was found that a ventilated pad could be used to extract up to 5 kg of 
water vapor per hour under greenhouse climate conditions. An investigation on the operation of packed tower for the 
regeneration of liquid desiccant was studied by Sultan et al. [3]. A theoretical model was described. The 
experimental results illustrated the effect of air and liquid parameters on the output variables. The regeneration 
process is shown to be highly dependent on the air inlet conditions, namely, temperature, humidity and flow rate. 
Also, the effects of the liquid temperature, solution concentration and flow rate were discussed. Gandhidasan [4] 
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offered the analysis of mass and heat transfer in a desiccant-air packed tower of counter-flow configuration. The 
study presented by Jaradat [5] designed a plate type cross-flow desiccant based on heat and mass exchanger, built 
and evaluated as an adiabatic and non-adiabatic absorber and regenerator. Desiccant regeneration was possible by 
using hot water with a temperature started from 55- 60 °C, which suit flat plate solar thermal collectors. 
      In the present work, an experimental study of mass transfer during dehumidification/regeneration process was 
carried out using a Lithium Bromide as desiccant. This work aims the study of the effect of air parameters on the 
mass and heat transfer, also, the dehumidification/regeneration operations on LiBr have been analysed.
2. Instrumentation and experimental study 
      The heat and mass transfer phenomena between the air and liquid desiccant is the main operation in 
dehumidification/regeneration process in LDCS. In order to compare and select liquid desiccants, an experimental 
study was carried out on mass and heat transfer during air dehumidification and desiccant regeneration of LiBr 
desiccant. The Dynamic Vapor Sorption equipment (DVS) as shown in Fig.2 is operated in the laboratory in various 
operating conditions. The DVS intrinsic rapidly measures uptake and loss of moisture in the sample by flowing a 
carrier gas at a specified relative humidity over a sample suspended from the weighing mechanism and stable digital 
microbalance, the SMS UltraBalanceTM, which detects the sorption/desorption of water vapor by the 
increase/decrease in mass of the material. The simple pan has diameter 2 cm. This instrument is capable of 
accommodating a sample mass up to 4 g and with dimensions as large as 40 mm. The Sample chamber has sizes  
(40 mm wide x 50 mm deep x 50 mm high). The temperature range is 20–40 °C with accuracy ± 0.1°C. The 
humidity range is 0–98 % with accuracy ±1%. The mass resolution ± 0.1 μg. The DVS is connected to a computer in 
order to save measurements during the dehumidification/regeneration processes, without any interruption. The 
experimental data are collected with a time interval of 1 min for each inlet condition. The air flow is controlled. 
Totally, 9 experimental runs were conducted with different choices of parameters.  
Fig.2. Schematic of the DVS Intrinsic. 
2.1. Air dehumidification 
      Air dehumidification occurs due to the contact with a strong solution of liquid desiccant that removes the       
moisture directly by absorbing the water vapor. Experimental run was conducted with tests of dehumidification with 
the following parameters ranges presented in Table 1, while almost kept constant; the air mass flow rate and 
exchange area.  
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Table 1: Operation conditions for dehumidification. 
T  (°C)  Hrair.  (%) Initial Mass  (mg) 
Test 1 20.00 95.00 7. 2121 
Test 2 20.00 45.00 4. 2195 
The desiccant is subjected to absorption of water vapor by a flowing air stream. The relation of the mass flux of 
vapor absorbed (mv), and mass transfer coefficient (β), can be expressed by equation (1), where (Δp) is the vapor 
pressure difference between the ambient air and the desiccant surface, and (A), is the interfacial area of contact 
between liquid desiccant and air. 
( )solutionvairvv PPAm ,,. .. −= β    (1)
The solution concentration denoted by Cs is defined as the ratio of the mass of salt (Ms) to the mass of solution (Msol) 
which equals the summation of the mass of water (Mw) and mass of salt (Ms). 
sol
s
s M
MC =
   (2)
wssol MMM +=    (3)
2.2. Desiccant regeneration 
      The experimental runs were conducted with varying drying temperature. Table 2 summarizes the 
experimental sets.
Table 2: Operation conditions for desiccant regeneration.  
TReg.  (°C)  Hrair.  (%) Initial Mass  (mg) 
Test 1 40.00 26.96 – 0.61 40. 0228 
Test 2 19.9 –20.01 8.70 – 0.21 25. 9798 
Test 3 39.9 – 40.01 5.26 – 0.55 35. 016 
Test 4 
Test 5 
19.9 – 20.05 
39.90 – 40.01 
8.44 – 0.23 
5.07 – 0.61 
120. 9514 
135.0612 
      The first regeneration experimental sequence was done by varying the air inlet humidity while fixing the drying 
temperature at 40°C. The second sequential test was done by fixing the drying temperature at 20°C. The second and 
the third tests were performed at small mass and with varying the regeneration temperature. The fourth and the fifth 
tests were carried out with increasing mass and with varying air regeneration temperature from min at max. 
The rate of water vapor removed (dm %) can be determined by equation (2) in function of humid mass (Mh) and dry 
mass (MD). 
100×−=
D
Dh
M
MMdm
   (4)
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2.3. Isotherms  
The experimental runs were conducted with successive phases. Table 3 summarizes the operating conditions 
(temperature and humidity) during two types of cycles. 
     Table 3: Operation conditions for isotherm.
Phase 1:  
Drying  
Phase 2:  
Dehumidification 
Phase 3: 
Regeneration 
Isotherm 1 
Tair= 19.99 – 
        20.01 °C 
Hr = 0.84–0.38 % 
M =10,2605 mg 
Tair= 19.99 – 
       20.01 °C 
Hr =7.58–88.10% 
M =10.223 mg 
Tair=19.9 – 20.1 °C 
Hr = 80.50 – 0.5 % 
M = 44,3785 to  
        13.9774 mg 
Isotherm 2 
Tair =  40.00 –    
         40.01 °C 
Hr =0.94– 0.75 % 
M = 9,8455 mg 
Tair= 40.00 – 
         40.01 °C 
Hr =7.15–92.20% 
M = 9.7877 mg 
Tair=39.9– 40.01 °C 
Hr =83.24 – 0.71 % 
M =55,8251 to 
        12.217 mg 
3. Results and discussion  
      In the dehumidification experimental conditions using LiBr aqueous solution, the water content evolution is 
shown in Fig. 3. It can be observed that the LiBr in contact with the air absorbs a water vapor then; this desiccant is 
an hygroscopic salt. Therefore, the mass of desiccant increases during this dehumidification phase, this is due to the 
rate of water vapor absorbed. The mass transfer is driven by the difference between the partial pressure of water 
vapor in the air stream and the vapor pressure associated with the solution. The vapor pressure above the solution 
increases, while the solution concentration decreases Fig. 3. The air state will always change toward being in 
equilibrium with the solution. The same method as that for dehumidification process is adopted for regeneration 
process. The regressed moisture removal rate using LiBr is shown in Fig. 4, with a slight variation of relative 
humidity and at 40°C. It can be observed that in the regeneration process, LiBr solution shows a good mass transfer. 
      Some tests were also done under convective conditions but at different regeneration temperatures and for 
different initial mass of desiccant. Fig. 5 shows that this desiccant is easy to be regenerated with an air at low 
temperature, i.e. 40°C. This heat level can be obtained by flat plate solar collectors. In addition, the effect of initial 
mass of desiccant on mass transfer is shown in the same graph. Then, it can be observed that the higher mass gives a 
longer drying. 
      Fig. 6 illustrates the concentration variation during successive phase of the first test about dehumidification/ 
regeneration process. It can be observed that the concentration increases, at the beginning of drying phase, decreases 
in the dehumidification phase and finally increases in the regeneration phase. The increase of desiccant 
concentration is due to the decrease of vapor pressure at surface. During this cycle, it can be pointed out that the 
concentration of the diluted LiBr solution at the end of the dehumidification phase is 18,01 %; but during the final 
phase of regeneration, the LiBr can be regenerated until 98,70 %, then the gap is 1,29 %. Finally, it can be 
concluded that the LiBr has better regeneration and is an effective desiccant for LDCS system.  
After analysis, it can be noted that the evolution of mass in the same successive phase as that presented in Fig. 7
is in opposite form compared with the concentration. Then, the mass decreases, at the beginning of drying phase, 
increases in the dehumidification phase when desiccant absorbs moisture from the air and finally decreases in the 
regeneration phase when the diluted desiccant releases the water vapor. This phase change is due to the vapor 
pressure difference between the air and desiccant surface. The results clearly show that the LiBr is a desiccant able 
to absorb moisture from the air and can be regenerated at low temperature during successive phases of absorption 
and regeneration process; and the vapor pressure difference between the air and liquid desiccant is the driving force 
of the mass transfer. In addition, highly concentrated solution provides the best dehumidification while warm and 
dilute solution provides the best humidification. 
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Fig. 3. Concentration and rate of water vapor                                                             Fig. 4. Regeneration of LiBr 
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      To analyse whether the desiccant can be completely regenerated, two isotherm tests were performed at different 
parameters.  Fig. 8. (a) shows the experimental results of two isotherms carried out under the same humidity but at 
the different air temperature and for different mass of salt. The figure indicates that moisture removal rate absorbed 
by the desiccant increased in the dehumidification phase with increasing the initial mass of desiccant; but the 
solution mass decreased more slowly during drying phase with low temperature. The analyse of this result shows 
that the difference between the initial dried mass and regenerated mass is 3.75 mg of isotherm n°1 and 2.42 of 
isotherm n°2. Then, it can be clearly observed that the LiBr has a better mass transfer in regeneration process. 
In addition, increasing the inlet humidity ratio will increase the water vapor pressure at surface; this will increase the 
moisture removal rate from air to the concentrated desiccant solution in the absorption phase and on the contrary, 
will lead the transfer in the opposite direction in the regeneration phase. Then, the LiBr desiccant can be used in 
humid climate.  
It can be noted in Fig. 8. (b), that the same observation is about the third isotherm carried out by the DVS equipment 
with other operation conditions, at 20°C and relative humidity varied between (0.3 to 90 %). 
      To validate results, the prototype was tested also in a dehumidification mode by varying the humidity ratio while 
fixing the air temperature. Fig. 9 shows and confirms the relation between the inlet humidity ratio and the moisture 
removal rate for the dehumidification measurements and this graph confirms that the LiBr desiccant is able to 
absorb moisture from the air as presented in Fig. 3. Finally, it can be observed that the mass transfer potential is 
better with a higher humidity ratio.
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4. Conclusion   
Experimental study is carried out using LiBr aqueous solution as desiccant. Special emphasis is placed on the 
analysis of the mass transfer in the regeneration/dehumidification processes and the variation of solution 
concentration during the cycle. The comparison basis is the same air flow rate and exchange area, the variation of 
humidity ratio and regeneration temperature. The main conclusions are: 
- The LiBr desiccant has a specific capacity in heat and mass transfer during dehumidification/regeneration 
process. Then, it can be used in the LDCS system. 
- The LiBr desiccant can be regenerated at low temperature, this heat level can be obtained by flat plate solar 
collectors. 
- It is a good application for solar energy due to the fact that the greatest demand for air conditioning occurs during 
times of highest insulation.  
- Liquid desiccant is likely to eliminate or reduce the use of ozone depleting CFCs and HCHCs. Then, it ensures 
the environment protection. 
- The mass transfer potential increases linearly with increasing the humidity ratio and the moisture removal rate 
decreases with decreasing concentration solution. 
References 
1. Benjamin Marcus Jones. Field Evaluation and Anaysis of a Liquid Desiccant Air Handling System. Thesis (2008). Queen’s University. 
2. A. Chraibi, A. Jaffrin, S. Makhlouf, N. Bentounes. Dehumidifying Greenhouse air by direct cross-current contact with an organic desiccant 
liquid. J. Phys. 5 (7) (1995) 1055– 1074. 
3. Sultan GI, Hamed Ahmed M, Sultan AA. The effect of inlet parameters on the performance of the packed tower, regenerator. Renew Energy; 
26 (2002) 271-83.  
4. Gandhidasan PA. Simplified model for air dehumidification with liquid desiccant. Solar energy; 76 (2004) 409 -16.  
5. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ, editors. Introduction to the 
electronicage. New York: E-Publishing Inc; 1999. p. 281-304.  
